151 Four years after community-wide insecticide spraying and with a low risk of vector-borne transmission 152 (<1% of infested houses), we conducted a series of serosurveys aimed at total population coverage (older 153 than 9 months old) during the 2012-2015 period. Using a participatory approach, we had meetings with 154 the local population to discuss project tasks and coordinate activities with local healthcare agents and 155 hospital personnel [50]. During 2012-2013, people were recruited passively through the radio, schools 156 and word of mouth; venipuncture was done at schools and at the primary health posts of each large 157 community to draw a blood sample of 3-7 ml. In April 2015, recruitment was done actively and blood 158 draws were conducted coupled to the vector survey. The protocol is described in detail elsewhere [24,50].
44
Author summary 45 Chagas disease is one of the main neglected tropical diseases (NTDs) affecting vulnerable communities in 46 Latin America where transmission by triatomine vectors still occurs. Access to diagnosis and treatment is one of the remaining challenges for sustainable control of Chagas disease in endemic areas. In this study, 48 we integrated the ecological and social determinants of human infection with the spatial component to 49 identify individuals, households and geographic sectors at higher risk of infection. We found that the risk 50 of human infection was higher in indigenous people compared to creoles, and increased with the 51 abundance of infected vectors and with household social vulnerability (a multidimensional index of 52 poverty). We also found that the social factors modulated the effect of the abundance of infected vectors: Introduction 83 cruzi has declined over the last 60 years [13] [14] [15] , it remains high (27.8-71.1%) in rural communities 84 encompassing creole and indigenous populations [16] [17] [18] [19] [20] [21] [22] [23] [24] .
85
In the Gran Chaco, human infection with T. cruzi usually occurs within sleeping quarters before 86 reaching 15 years of age and is transmitted by Triatoma infestans [25] [26] [27] . Most studies of human 87 infection with T. cruzi in endemic areas have focused on the seroprevalence distribution among 88 demographic subgroups and/or on the effects of vector presence, abundance and T. cruzi infection status.
89
Although the association between human T. cruzi infection and selected socio-demographic factors has 90 been investigated [24, 25, [28] [29] [30] [31] , these studies either did not address the combined effects of ecological 91 and social variables due to limited data availability, or only considered a few socio-demographic 92 variables. Human infection was positively associated with the presence or abundance of domestic animals 93 [24, 25, 28, 29, 32] . A less clear association was found between T. cruzi human infection and house 94 construction quality (i.e., thatched roofs and cracks in the walls): while in some studies human infection 95 increased in poor-quality housing [25, 28, 31, 32] , others did not find such association [29, 30] .
96
The joint analysis of the spatial distribution of human and vector infection can shed light into the 97 processes and factors associated with the vector-borne transmission of T. cruzi. Integrating the spatial 98 component of disease with household-level and individual-based risk factor analysis is needed to identify 99 transmission hotspots, create risk maps of T. cruzi infection, and stratify the affected areas for targeted 100 control [33] [34] [35] . For Chagas disease, spatial analysis has been used to investigate the reinfestation process 109 levels. We also considered the household socio-economic status and the interaction between social and 110 ecological variables using indices of social vulnerability (as a measure of socio-economic inequalities) We also evaluated the interaction between vector abundance, the social 252 vulnerability and host availability indices, and retained in the model the ones that had a significant effect.
253
We compared a GLMM model (logit link function) considering the household as a random variable and a 254 GLM model in both cases.
255
We used an information theoretic approach and Akaike's information criterion (AIC) to identify the best-256 fitting models given the data collected, and a multimodel inference approach to account for model 257 selection uncertainty [47, 48] (Fig 2) . Although females had a lower overall seroprevalence rate than males (26.5 vs 308 31.6%; χ 2 test, df =1, p = 0.04), this difference was more evident in adults (Fig 2) and was not significant 309 after adjusting for age (S1 Table) . The seroprevalence for Qom people almost doubled that observed for 310 creoles (29.7 vs 18.7%; χ 2 test, df = 1, p = 0.02) (S1 Table) . Table) . In children, the infection risk in infested houses was 333 almost four-fold higher (GLMM, OR = 3.7, CI 95 = 1.3-10, p = 0.01) even after adjusting for the mother's 334 seropositivity status, while the reported past exposure had no significant effect (GLMM, OR = 0.9, CI 95 = 335 0.4-2.4, p = 0.9) (S2 Table) . When vector abundance per unit effort was considered, the infection risk in (Fig 3) . In both cases, the effects of the socio-364 demographic variables were additive, as the interaction terms were not significant. The occurrence and 365 abundance of T. cruzi-seropositive children were similar to the distribution of infected domiciliary T.
366 infestans, which also increased with host availability and social vulnerability (Fig 4) . Table) .
390
The proportion of houses with at least one seropositive child in 2008 also varied significantly between 391 communities (χ 2 test; df = 2; p < 0.01). The highest proportion was found in Cuarta Legua compared to 392 the other communities (32.9% vs. 14.5-13.8%, respectively), but no spatial aggregation was found Table) .
415

Human infection risk model
416
Human infection was significantly clustered by household, after adjusting for the abundance of infected 417 vectors, household social vulnerability and host availability (β household = 1.3, CI 95 = 1.02-1.7, log-likelihood 418 ratio test, p < 0.001). When we included the number of seropositive co-inhabitants, the random effect of 419 the household was nil and no significant differences were found between the GLMM and the respective 420 GLM model (log-likelihood ratio test, p = 1), indicating that all variables included in the model accounted 421 for the differences among households.
422
The risk of T. cruzi infection increased with age and if they were Qom, but did not vary by gender (Table   423 2). The ethnic group did not have a significant effect on child infection possibly because only one of the 424 70 seropositive children was creole. 
444
In both models, VIF<2 indicated no multicollinearity issues. The infection risk model for the total 445 population had AUC = 0.83, with a sensitivity of 83% and a specificity of 72% (Fig 7) . In a post-hoc Fig 7) , and it had higher sensitivity (87%) and lower specificity (68%) 451 than the previous model. It predicted 28.8% of false positive cases but only 1.1% of false negatives. Receiver operating characteristic curves (ROC) of the T. cruzi infection risk models for the total maximizes sensitivity and specificity).
456
The risk maps derived from the interpolation of the risk model documented the heterogeneous distribution 457 of human infection and the occurrence of high-risk areas, which were more widespread when the total 458 population was considered (Fig 8A) compared to the children risk map (Fig 8B) . Although they failed to 459 include a few households with seropositive children, most households with human cases were 460 encompassed in these high-risk areas. Table) . This study shows the multivariate relationship among the ecological, demographic and socio-economic 467 factors affecting human T. cruzi infection in endemic rural communities with active vector-borne 468 transmission. To the best of our knowledge, this may be the first study to comprehensively assess their 469 combined effects and interactions on human T. cruzi infection. In addition to corroborating the effects of 470 demographic variables (age, ethnic group, among other) and the relative abundance of infected T. infestans on human infection risk [24], we found significant effects of socio-economic position after 473 additional infected vector collected by unit of effort in the domicile and by 40% with each infected co-474 inhabitant; increased with increasing household social vulnerability, and decreased with increasing 475 domestic host availability (numbers of indoor-resting bird or mammal hosts). A novel finding was the 476 negative interaction between infected-vector abundance and social vulnerability, which indicates that 477 members of more vulnerable households had an increased infection risk even at low infected-vector 478 abundances. Household mobility also modulated infection risk: internal mobility (within the study area) 479 reduced the effects of domiciliary vector abundance, possibly due to less consistent exposures among 480 movers. Nonetheless, the seroprevalence rates of movers and non-movers were not significantly different.
481
Although transmission was clustered by household, the spatial analysis showed that transmission risk was 482 heterogeneous within the study area, with hotspots of human and vector infection matching areas of 483 higher social vulnerability.
484
The Gran Chaco eco-region is a hotspot for Chagas disease and other NTDs that disproportionally affect 485 vulnerable rural communities and certain demographic groups [11, 65] . Like other NTDs, the highly focal 486 distribution of Chagas disease cases is determined by particular combinations of various ecological and 487 social determinants [65, 66] . The baseline (2008) human seroprevalence here estimated (29%) was 488 considerably lower than that registered in adjacent rural communities (40%) of Pampa del Indio [24] ; in 489 other indigenous (59-71%) and creole (40-62%) communities living in more disadvantaged, isolated areas 490 of Chaco province known as "The Impenetrable" [17, 18, 21] , and in the Bolivian Chaco (40-80%) [31, 67] . the 1980s when the intensity of vector-borne transmission was much higher [68] , and remains evident 494 almost three decades later.
495
The heterogeneous distribution of human infection was also captured within the studied communities 496 through spatial analysis. Human cases, especially among children, were aggregated (Fig 5, S3 Fig) 
